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Non-Esterified Fatty Acids (NEFAs) Generate Distinct Ab42 Oligomers
via Two Distinct Aggregation Pathways
Amit Kumar, Rebekah L. Rice, Pritesh Patel, Lea C. Paslay, Dipti singh,
Ewa A. Bienkiewicz, Sarah E. Morgan, Vijayaraghavan Rangachari.
In Alzheimer’s disease (AD), soluble oligomers of amyloid-b (Ab) are be-
lieved to be primary neurotoxic species responsible for early synaptic dysfunc-
tion and cognitive decline. The rate of Ab aggregation is known to be
significantly affected in the presence of anionic interfaces such as lipid, fatty
acids & other surfactants. Here, we present the effect of saturated non-
esterified fatty acids (NEFAs) on the rate of Ab aggregation. We have ob-
served that NEFAs induce more than one pathway of Ab aggregation which
is dictated by both ratio of Ab42 : NEFAs as well as NEFAs respective critical
micelle concentrations (CMC). More importantly, we observed that irrespec-
tive of their carbon chain lengths, NEFAs generate primarily two types of low
molecular weight oligomeric species ; a) near CMC concentration, NEFAs in-
creased the rates of Ab aggregation towards fibril formation that generated 12-
18mers, and b) at concentration above CMC, NEFAs failed to show any ag-
gregation and generated 4-5mers, while oligomeric 12-18mers seems to adopt
‘on pathway’ towards fibril formation, the 4-5mers formed via an alternate
pathway called ‘off-pathway’ that did not form fibrils. These oligomers gen-
erated were characterized using biophysical techniques like thioflavin-T
(ThT) fluorescence, immunoblotting, atomic force microscopy (AFM) and cir-
cular dichroism (CD). The results from these analyses also showed that these
oligomers are generated via two different pathways. All these data are pre-
sented and discussed.
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Topology of His Residues in Amyloid b Protein Fibrils
Hiroaki Komatsu, Paul H. Axelsen.
Oxidatively damaged lipid membranes are known to promote the aggrega-
tion of amyloid b (Ab) proteins into fibrils. When lipid membranes contain
u-6 polyunsaturated fatty acyl chains and subjected to oxidative stress, 4-
hydroxy-2-nonenal (HNE), a highly reactive short chain alkenal, is typically
produced. We previously demonstrated that HNE modifies the three His res-
idues of Ab proteins by Michael addition, which increases their affinity for
the lipid membrane surface, and promotes the aggregation of unmodified Ab
proteins into fibrils. In this report, HNE-promoted Ab fibrils were studied by
negative-staining electron microscopy and shown to have morphologies
identical to fibrils formed without HNE. The binding of antibodies specific
for HNE-His adducts was studied by colloidal gold immunoelectron micros-
copy. Results indicate that the His13 residue of Ab protein (the 42 residue
form) was inaccessible, while the His14 residue was accessible. These re-
sults agree with some of the published molecular structure models of Ab
protein fibrils.
Membrane Protein Structure I
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Analyzing Inter-Residue Interactions for Structure Modeling of Helical
Membrane Proteins
Zhijun Li, Jun Gao, Vagmita Pabuwal.
Transmembrane (TM) proteins are estimated to account for ~20-30% of the
human genome and serve as important drug targets. Despite the significant
progress in experimental techniques, TM protein structure determination re-
mains a challenge in general. Computational approaches, including de novo
and comparative structure predictions, have played a significant role in struc-
tural and functional studies of membrane proteins, as well as in their structure-
based drug design efforts. A major challenge of membrane protein structure
prediction is to assemble individual helices into high-quality tertiary structures.
Analyzing inter-residue interactions within membrane proteins is of signifi-
cance to developing novel tools to tackle this challenge. In this work, we first
identified four approaches for determining inter-residue interactions in protein
structures and studied their correlation to individual quality measures. It was
found that the best correlation was achieved by the approach focusing exclu-
sively on favorable inter-residue interactions. Next, this best approach was
applied to the analysis of multiple datasets of helical membrane protein struc-
ture models, including a dataset of homologous structure pairs with the
sequence identity at the twilight zone. A simple measure was elucidated that
directly correlates with the quality of these structure models. These results sug-
gest a useful tool for computational modeling of membrane protein structures.
This work was supported by the grant (1R15GM084404) from National Insti-
tute of Health.1110-Pos Board B20
Protein Folding and Membrane Insertion via the Protein Translocon
James C. Gumbart, Christophe Chipot, Klaus Schulten.
Nascent membrane proteins typically insert in a sequential fashion into the
membrane via a protein-conducting channel, the Sec translocon. How trans-
membrane (TM) segments are recognized or what secondary structure they pos-
sess inside the channel remains largely unknown. Experiments and simulations
measuring the free energy of insertion for various amino acids are in disagree-
ment, with the former finding a much narrower range than the latter. We sug-
gest that this disagreement is resolved by assuming a two-stage insertion
process wherein the first step, the insertion into the translocon, is energized
by protein synthesis and, therefore, has an effectively zero free-energy cost;
the second step, the insertion into the membrane, invokes the translocon as
an intermediary between the fully hydrated and the fully inserted locations.
Using free-energy perturbation calculations, the effective transfer free energies
from the translocon to the membrane have been determined for both arginine
and leucine amino acids carried by a helical poly-leucine segment, which
when compared to transfer from water, result in the same compression as
observed in the experiment-based scale. We also show, using 2D potential-
of-mean-force calculations, that secondary structure formation inside the trans-
locon is similar to that in water with an additional entropic contribution from
the narrowing of the channel, validating the assumption of helicity for the back-
ground poly-leucine segment.
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A general and Efficient All-Atom Simulation Method to Determine the
Equilibrium Orientation of Transmembrane Proteins in Membranes
Kethika Kulleperuma, John Holyoake, Re´gis Pome`s.
Knowledge of the spatial orientation of transmembrane (TM) proteins is
broadly useful in both in-vitro and in-silico approaches that aim to elucidate
the dynamic and functional properties of TM proteins. Such approaches include
site-directed spin labeling, cys-scanning mutagenesis, and atomistic molecular
dynamics (MD) simulations using lipid bilayers. Because three-dimensional
structures of TM proteins are generally obtained in a detergent solvent, these
structures do not reveal the native orientation of the protein in the lipid mem-
brane. For this reason, we aimed to develop a general and computationally-
efficient MD approach to predict the most favorable orientation of TM proteins
in a lipid membrane. In order to avoid the long relaxation time scales charac-
terizing protein and lipid bilayer dynamics, our method treats the TM protein as
a rigid body in a membrane-mimetic hydrated octane slab, allowing the protein
to reach a stable orientation within 10 ns. The method was systematically tested
on alpha-helical and beta-barrel TM proteins, each with different starting ori-
entations in the hydrated octane slab. Each protein attained a consistent orien-
tation irrespective of its starting orientation. Furthermore, the converged
orientations are in good agreement with the known orientations of these test
proteins in lipid bilayers. These results indicate that this method is reliable as
a general protocol that can be used to determine the orientation of TM proteins
of known structure.
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Insertion Properties of Cftr Explored with High Throughput, Coarse
Grain Molecular Dynamics
Benjamin A. Hall, Alan Chetwynd, Mark S.P. Sansom.
Transmembrane helix insertion into the membrane occurs through a complex
process, involving dedicated cellular machinery. Recent experimental work
has been able to show that the insertion of peptides by the translocon shows
high correlation with hydrophobic scales based on water/octanol partitioning,
but that the absolute energies of insertion of different amino acids are consis-
tently different by an order of magnitude. Similarly, energies of transmem-
brane insertion from explicit energy calculations on detailed molecular
model also appear to differ, by up to 2 orders of magnitude. Coarse grain
(CG) techniques are an increasingly popular approach for the molecular
modelling of biomolecules, which increase the effective timescale or system
size which can be modelled compared to more common atomistic techniques.
We adopt a high throughput, CG approach to understanding helix insertion into
the membrane. Using self assembly of systems of peptides derived from the
cystic fibrosis protein, we are able to predict transmembrane insertion energies
with a correlation coefficient of up to 0.86, and energies within a factor of 2 of
the experimentally determined energies. Additionally, we show that the inser-
tion behaviour observed is sensitive to membrane thickness, and in agreement
with explicit energy calculations and experimental evidence, find that thinner
membrane bilayers favour a transmembrane conformation. Alongside results
from PMF calculations, the results here appear to suggest that the energy
204a Monday, March 7, 2011differences measured in the translocon experiments represent the differences in
energy between the interfacial and the transmembrane conformations for a
helix.
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Plasma Membrane Topology of Caveolins: Insights from Computational
Modeling
Gene A. Morrill, Adele B. Kostellow.
Caveolins (CAV-1, CAV-2, CAV-3) are a family of integral membrane pro-
teins, so-called because they are principal components of caveolae. They are
known to facitate endocytosis and are involved in a number of biological
functions, including signal transduction, cholesterol homeostasis, and trans-
port. We find that the TOPCONS consensus sequence analysis algorithm as
well as both the SVMtop and MEMSAT methods predict that each 22 kDa
caveolin molecule contains two plasma membrane spanning helices (TM-1
and TM-2), separated by 1-2 amino acid residues at the membrane surface.
Chem 3D Ultra visualization indicates that the transmembrane domains of
all three caveolins are highly ordered a-helices. NetSurfP (Protein Surface
Accessibility and Secondary Structure Predictions) analysis of the amino
acid sequence further confirms the existence of two membrane spanning
a-helices. These results conflict with the widely cited theory that caveolin
forms a single 32 amino acid hydrophobic hairpin loop which is inserted
into, but does not traverse, the plasma membrane. Based on our model, we
find that TM-1,TM-2 and the interconnecting amino acid(s) in CAV-1,
CAV-2 and CAV-3 of several vertebrate species are highly conserved.
However, there are significant sequence differences between TM-1 and
TM-2 of CAV-1 and CAV-2. The TMhit method, heptad repeat analysis
and the coiled-coil prediction algorithm further indicate that helix-helix inter-
actions occur both within and between these integral membrane proteins. The
N-attachment (scaffold) domain also has a large intracellular helical content,
contiguous with the TM-1 transmembrane helix. In contrast, the C-terminal
attachment contains a disrupted helix, the first helical region being contiguous
with transmembrane helix TM-2. The topology of the transmembrane helices
described here is relevant to understanding caveolae formation and the mech-
anism of endocytosis as well as sequestration and release of membrane signal-
ing molecules.1114-Pos Board B24
Molecular Dynamic Simulations of Apolipoprotein A-I peptide Mimetics
Amanda M. Plain, James C. Patterson.
Coronary heart disease is the leading cause of death in the United States, claim-
ing more lives than the next seven leading causes of death combined. High
levels of high density lipoprotein (HDL) have been correlated with lower rates
of coronary heart disease. Apolipoprotein A-I (apoA-I), is the principle protein
in HDL, is a 243-residue class A amphipathic alpha helix capable of binding
a variable number of lipid molecules. ApoA-I mimetic peptides synthesized
by Anantharamaiah et al. are 18-residue class A amphipathic helices. Although
they have no sequence homology to apoA-I, the peptides bind to lipids in a man-
ner similar to that of apoA-I (i.e. antiparallel double-belt on the edge of the lipid
disc).
Molecular dynamics simulations of the lipid-bound peptide mimetic 2F, 3F2
and 3F14 were performed for a minimum of 30 ns in explicit water using
CHARMM22/27 parameters. The peptides were arranged in a double belt con-
formation around the lipid. In the model, 16 straight alpha-helical chains of
each peptide were placed around two leaflets of 108 dimyristoylphosphatidyl-
cholines (DMPC). Each simulation became saddle shaped around the lipids.
The complexes remained intact throughout the simulation. Each peptide main-
tained a similar number of hydrogen bonds with the lipids. The 4F peptides
cause the bilayer to pinch more than the other peptides that were explored.
The interaction energies of the peptides are similar, as are the interchain inter-
action energies.1115-Pos Board B25
Multiscale Simulations of Lipid Interactions with Integral Membrane
Proteins: Aquaporins
Phillip J. Stansfeld, Elizabeth E. Jefferys, Mark S.P. Sansom.
Membrane protein structural biology is one of the key biochemical challenges
of the coming decade. With continuous improvements to the methods used by
structural biologists there is a predicted exponential growth in the number of
membrane proteins structures. Nevertheless, these biological assemblies areusually resolved in the absence of the native lipid environment. Coarse-
Grained molecular dynamics (CGMD) simulations provide a means for assess-
ing the assembly and interactions of molecular complexes at a reduced level of
representation. This method has been shown to accurately predict the insertion
position of proteins within a cell membrane. Previous studies enabled us to cor-
relate predicted contacts to lipids with experimental data on lipid-exposed res-
idues for a number of membrane proteins (e.g. LacY, rhodopsin, KcsA, MscL,
FepA, BtuB). The recent determination of high resolution structures for aqua-
porins in a phospholipid bilayer environment (Aqp0: 2B6O and 3M9I; Aqp4:
2ZZ9) has provided an excellent test case. The CGMD approach has been
used to simulate lipid/protein interactions for >30 members of the aquaporin
family, revealing that patterns of protein/lipid headgroup interactions are con-
served and are in good agreement with the lipids resolved in the electron crys-
tallography structures. We have extended this further by using a multi-scale
approach, investigating the interactions at atomic resolution. At this scale we
may also consider hydrogen bonding interactions, which also show good agree-
ment with the experimental structures. This methodology is being incorporated
into a semi-automated high-throughput pipeline to enrich our database of
CGMD membrane protein simulations (CGDB; http://sbcb.bioch.ox.ac.uk/
cgdb).
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Comparative Neural Network and Alignment Study of Aquaporins
Julie Bomholt, Jesper S. Hansen, Per Greisen Jr., Dan A. Klærke,
Claus He´lix-Nielsen.
Common for the membrane channel protein family of aquaporins is that they
facilitate a rapid transport of water molecules. Aquaporins are found in a wide
range of organisms and several protein structures have been solved. Although
they share structural similarities there are also distinct features for each class
(e.g. plant versus mammalian aquaporins). This raises the question: How well
does sequence and structural features of the respective proteins correlate to
functional sites? We here present a comparative study of aquaporins based
on neural network analysis as well as structure, sequence and residue align-
ments. Using HotPatch, an automated algorithm developed by Pettit et al.
(Pettit, F. K. et al. J. Mol. Biol. 2007 369, 863-879) we calculated probable
aquaporin functional interaction sites such as sites involved in (specific)
lipid interactions. Alignment of the calculated sequences allowed us to ana-
lyze similarities and differences in the proteins in a quantitative manner as
well as elucidating the potential functional role of specific residues. This
will further give us new information on functionally important features that
could assist in the design of proteins with increased stability for biomimetic
applications.
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Small-World and Random Networks in Contact Maps of Protein Channels
Malgorzata Kotulska, Mark B. Gerstein.
Although it is estimated that protein channels constitute large portion of all
proteins, the number of their experimental structures is extremely small
compared to other proteins. Lipid environment and great size of the chan-
nels impede the development. Improvement could contribute to drug design
and resolving mechanisms of channelopathies. Modeling 3D structure of
transmembrane channels can be enhanced by constraints defined by their
contact sites distribution, supporting proper selection of protein decoys in
the modeling process. We represent a protein as a network of contact sites
and characterize topology of the graph. As a contact site we consider res-
idues within a defined distance between protein backbone C alpha (or
beta) atoms that are separated by a certain number of amino acids. Charac-
teristics of the graph model is tested, with regard to protein secondary struc-
ture and location of the residues in the membrane or outside. We investigate
how the topological characteristics of protein channels compare to other
proteins and how definition of the contact site, in terms of the distance
and separation threshold values, affects the network topology. The results
indicate that the graph model of ionic channel has distinct features. The
network topology of proteins proved sensitive to the contact site definition,
showing that the graph obeys typical real world network characteristics
(‘‘small-world’’ graph) only if the distance and the separation in the
contact site definition are within certain limits, which are not always in ac-
cordance with typically assumed. Otherwise a random (Erdos-Re´nyi) net-
work is observed. Transmembrane helices are much less sensitive to the
contact site definition and fall into the ‘‘small world’’ more easily than
other structures.
